Abstract: Fluorescence in-situ hybridization (FISH) is a common and popular method to 20 investigate microbial communities in natural and engineered environments. In this study, two 21 specific 16S rRNA-targeted oligonucleotide probes CLZ and KCLZ were designed and verified 22 to quantify the genus Clostridium and the species Clostridium kluyveri. The optimal 23 concentration of hybridization buffer solution for both probes CLZ and KCLZ was 30% (w/v).
6
Sampling was performed according to the stratified random method described by Ding et al. These samples were pretreated prior to examination according to the method described by 111 Li et al. [22] . Table 1 , was authorized to Sangon Biotech (Shanghai, China) for synthesis. and air-dried in the dark after hybridization. Finally, the slides were mounted in an anti-fade 140 solution, and observed using a fluorescence microscope (BX-51, Nikon, Japan) with a WG filter 141 for Cy3 (excitation 534-558 nm).
142
After optimizing the formamide concentration, FISH experiment was performed using 143 firstly the pure culture of reference strains listed above and the mixture of these pure cultures,
144
respectively. The pure culture of C. kluyveri (CICC 8022) was then added into a PM sample.
145
Meanwhile, the mixtures of pure culture were added into other PM samples with different 146 volumes (0.2 mL, 0.4 mL, 0.6 mL, 0.8 mL and 1 mL). After sample pretreatment, the samples 147 were added onto the slides and put into the microscope for FISH counting analysis. Fifteen
148
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fluoro-stained cell concentration was calculated as follows:
Where N is the cell number in 1 g of dried pit mud (cells/g), n is the mean number 152 observed in a field, s1 is the spreading area (μm 2 ), s2 is the field area (μm 2 ), v1 is the spreading 153 volume (μL), v2 is the total volume (μL) and D is the dilution rate.
154
The samples originated from pit, including PM, BFG and SFG, were pretreated, FISH
155
were carried out according to the process described above using hybridization buffer containing 156 various probes in previous articles [22] . The fluoro-stained cell concentration was calculated.
Quantitative characterization of total bacteria and C. kluyveri based on qPCR analysis
159
Whole genomic DNA was extracted according to the methods of Zhou et al. [32] . 
168
The PCR product of primers specifically for eubacteria and C. kluyveri was then amplified 169 by conventional PCR using primer 338F（5'-ACTCCTACGGGAGGCAGCAG-3'）/518R（5'-
170
A C C E P T E D PCR was employed, and all PCR primers used in this study derived from a previous study [23] .
187
Before DGGE analysis, PCR products were examined by electrophoresis on 1% agarose gels.
188
The DCode Universal Mutation Detection System (Bio-Rad, Hercules, CA, USA) was used for 
Data analysis
202
All assays were conducted in triplicate, and the results were expressed as mean ± standard 203 deviations. Analysis of variance (ANOVA) was used to test the significance of each assay.
204
Results were considered to be statistically significant at p < 0.05. Community diversity was 
Results and Discussion
211
To design a specific oligonucleotide probe for the phylogenetic Clostridium group,
212
BLAST and RDP CLASSIFIER was used to align and identify the obtained 16S rRNA increases the specificity of the hybridization advisably, but once it exceeds its optimal 241 concentration and could brought about a drastic drop of bound probe and signal intensity [38] .
242
We have observed similar tendency in our result: a signal intensity drop when 50% or 60% of was not significant.
270
The sensitivity of the probes had been verified by spiking pure cultures into pit mud. As of pure culture, respectively) and later was the pure of C. kluyeri.
275
These probes were used to quantify Clostridium spp. and C. kluyeri in pit mud samples 276 taken from three different pits, which had all the same age. They were also used for the samples 277 of BFG and SFG from the same pit. As shown in Fig. 5A . Based on the analysis of DGGE profiles, diversity indices were determined. The results
331
show that the difference of the microbial diversity index between PM, BFG and SFG was 332 significant (As shown in Table 4 A C C E P T E D
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